3 PATENT APPLICATION 

=: Attorney's Do. No. 11 38-710 

K 

- IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

i ."^ 

EXPRESS MAIL MAILING LABEL No. EL035348 1 19US ^ ^ 

DATE OF DEPOSIT: August 31, 1998 

O 

I hereby certify that this paper and enclosures and/or fee are being deposited with the United States Postal Service *^ 
"Express Mail Post Office to Addressee" service under 37 CFR 1.10 on the date indicated above and is addressed to: 
Box Patent Application, Assistant Commissioner for Patents, Washington D.C. 20231. 

Joanna Mosser f lr^n»f^ A/f^^^^-*^ 



(Sender's printed name) l(Slgnature) 



l(^gnat 



Box Patent Application 

Assistant Commissioner for Patents 

Washington, D.C. 20231 



Enclosed for filing is a patent application under 37 CFR 1.53(b) of: 

Inventors: DAH WEN TSANG; JOHN W. MOSIER II, deceased; 
DOUGLAS A. PIKE, JR. and 
THEODORE O. MEYER 

For: HIGH DENSITY POWER DEVICE FABRICATION 

PROCESS AND STRUCTURE 

This application is a divisional of co-pending prior application U.S. Serial No. 08/106,406, 
filed August 13, 1993, which is a divisional of U.S. Serial No. 07/927,169, filed August 7, 
1992, now U.S. Patent No. 5,283,201. 

Enclosures: 

[x] Specification (pages 1-21); claims (pages 22-30); abstract (page 31) 
[x] 12 sheets of formal drawings 
[x] Declaration 

[x] Copy fi-om a prior grandparent application 07/927,169 (37 CFR 1.63(d)) (title: 
LOW VOLTAGE POWER MOSFET FABRICATION PROCESS) 
[x] Incorporation by Reference—The entire disclosure of the prior application, from 
which a copy of the oath or declaration is supplied is considered as being part of the 
disclosure of the accompanying application aid is hereby incorporated by reference 
therein. 

[x] Power of Attorney fi-om a prior grandparent application 07/927,169 
[x] Change of Name and Address of Attorney 



1 



[x] Copy of recorded assignment from inventors to Advanced Power Technology, Inc., a 

Delaware corporation 
[x] Information Disclosure Statement with copies of Forms PTO 1449 and 892 from 

08/106,406 and 07/927,169 and European Search Report on related application 

EP 93 91 3971 



CANCEL CLAIMS 1-20 BEFORE CALCULATING THE FILING FEE: 



CLAIMS AS FILEDAFTER CANCELING CLAIMS 1-20 

Number Number Basic Fee 

For Filed Extra Rate $ 790 

Total Claims 13 -20= 0 x $ 22 = $ 0 

Independent Claims 1 - 3 = 0 x $ 82 = $ 0 

TOTAL FILING FEE $ 790 

[x] A check in the amount of $790 to cover the filing fee. 

[x] Any deficiency or overpayment should be charged or credited to deposit account number 
13-1703. A duplicate copy of this sheet is enclosed. 

Customer No. 20575 



Respectfully submitted. 




1030 S.W. Morrison Street 
Portland, Oregon 97205 
Telephone: (503)222-3613 



2 



Patent Application 
Altorney Do. No. 1 138-27 



H(QH PgNSITY POWER DEVICE 
FABRICATION PROCESS AND STRUCTURE 

5 This application is a continuation-in-part of commonly-assigned 

copending U.S. Ser. No. 07/852,932, filed March 1 3, 1 992, as a continuation 
of U.S. Ser. No. 07/751,441, filed Aug. 28,1991, now abandoned, and of 
U.S. Ser. No. 07/737,560, filed July 26,1991, as a continuation of U.S. Ser. 
No. 07/467,636, filed Jan. 1 9, 1 990, now abandoned, a division of U.S. Ser. 

10 No. 07/194,874, filed May 17, 1988, now U.S. Pat. No. 4,895,810, issued 
Jan. 23, 1990. 

BACKGROUND OF INVENTION 
This invention relates generally to power MOS field-effect devices, 

15 which includes power MOSFETs, insulated gate bipolar transistors (IGBT), 
MOS controlled thyristors and the like, and more particularly to recessed 
gate, rectangular-grooved or U-grooved power MOS field effect devices, 
commonly referred to as RMOSFETs or U MOSFETs. 

Power MOSFETs have been recognized as provided a number of 

20 advantages over power bipolar transistors, particularly in regard to fast 
switching response, high input impedance and high thermal stability. A major 
disadvantage of power MOSFETs is their large ON-resistance and forward 
voltage drop compared to bipolar transistors. Significant efforts have gone 
into reducing the ON-resistance per unit area. These efforts include reducing 

25 the cell size of the devices to increase cell density, but the ability to do this 
In conventional VDMOS devices is limited by the presence of a parasitic 
junction FET between adjacent cells which increases ON-resistance as the 
device structure is scaled to smaller cell sizes. K. Shenai, "Optimally Scaled 
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Low-Voltage Vertical Power MOSFET's for High Frequency Power 
Conversion" IEEE Trans, on Electron Devices . Vol. 37, No. 2, April, 1990 
describes how the VDMOS device structure, having the gate and channel 
extending horizontally along the top surface of the semiconductor substrate, 
5 is inherently limited in density, necessitating other measures to reduce ON- 
reslstance. 

To avoid this inherent limitation, another class of power MOS field- 
effect devices has been developed using a recessed gate, in which the gate 
and channel are formed vertically along a sidewail of a channel or trench 

1 0 etched in the semiconductor substrate. These devices include rectangular- 
grooved or U-grooved power MOS field effect devices, commonly referred to 
as RMOSFETs or UMOSFETs. An early device of this type appears in U.S. 
Pat. No. 4,070,690 to Wickstrom. The source, channel and drain are formed 
by successive layers deposited on a substrate and trenched through for gate 

15 oxide formation and gate metal deposition on sidewalls of the trench. A 
variation of this approach, called the VMOS, is shown in U.S. Pat. No. 
4,145,703 to Blanchard et al. Subsequently, it was recognized that the 
vertical channel orientation in this type of device could be scaled down to 
increase cell density without parasitic junction FET effects and thereby 

20 reduce ON-resistance below the inherent limitations of VDMOS devices, 
(see D. Ueda et al. "A New Vertical Power MOSFET Structure with 
Extremeley Reduced On-Resisitance" IEEE Trans, on Electron Devices . Vol. 
32, No. 1 , January, 1985) Further development of recessed gate technology 
is summarized below based on references listed at the end of the detailed 

25 description. 

The usual starting material is a N+ wafer with a <1 00> oriented N 
epitaxial layer of a resistivity and thickness in the ranges of 0.1-1 .0 ohm-cm 
and 5-10 um for low voltage MOSFETs to achieve a breakdown voltage of 
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15-55 V using rectangular striped grooves. This voltage range can be 
changed by adjusting untrenched P-base width, trench depth and width, and 
epi-layer doping. The N+ substrate can be replaced by a P+ substrate to 
make IGBTs as in DIVIOS technology. 

5 A blanket P-type implant into the top surface of the epitaxial layer is 

diffused to 1.5-2.0 um depth to form a P-type body region. A first mask can 
be used at this stage to define N+ source regions. 

An oxide layer is thermally grown and a trenching protective layer of 
silicon nitride (or LPCVD oxide, polySI/SiNi/oxide or other layer resistant to 

10 Si etching) is deposited to protect P-body/N-source regions from trenching. 

Regions to be trenched are photomasked, at right angles to the source 
regions if they have been defined previously, and the trenching protective 
layer Is etched. Reactive ion etching (RIE) is then used to form the gate 
trenches, typically to a depth of 2 um but variable as discussed below. 

1 5 Reactive ion etching can damage the substrate surface, causing high surface 
charge and low surface mobility. Chemical etching and sacrificial 
oxidation/etching steps are typically performed to restore surface mobility and 
channel conductance. 

Gate oxide of 500-2000A is regrown in the trench, and -6000 A thick 

20 polysilicon Is deposited in the trench and doped to a sheet resistance of 
about 20 ohm/n . A second polysilicon layer is deposited to planarize the 
surface and etched back to clear the trenching protective layer. The 
trenching protective layer can be used in a self-aligned LOCOS (Localized 
Oxidation of Silicon) step to selectively oxidize and isolate the polysilicon gate 

25 structures from the P-body/N-source regions. The maximum LOCOS film 
thickness is limited by minimum linewidth because of "birds beak" sidewaiil 
oxidation encroachment. With a 2 um/2 um minimum gate/source design 
rule, this layer cannot be much greater than 1 um thick or the source region 
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will be completely sealed off by LOCOS encroachment. The LOCOS 
process further induces stress immediately surrounding the selective 
oxidation zone, wherein the MOS channel is formed, reducing surface 
mobility and increasing channel resistance. 

5 If the source region has not already been defined, another 

photomasking step is performed to introduce the N-type source regions into 
the P-body contact regions, usually with a striped geometry perpendicular to 
the trench sidewails, to effect distinctive P and N dopings at the top surface 
of the silicon, to short the P-body to the N+ source regions (10). This 

1 0 technique produces pinched P-base regions which are of wide dimensions, 
typically 2 urn or more, and must be meticulously controlled in the 
photolithographic process. This step causes loss of channel width wherever 
N+ source is absent and reduces device ruggedness. 

In one approach (2, 5, 10-Fig. 10), to improve packing density and 

15 more tightly control the lateral extent of the pinched B-base and avoid 
photolithographic control, lateral N+ diffusions are made from the windows 
formed in the trenching protective layer prior to trenching. In this approach, 
the P and N+ diffusions are fully diffused before gate oxidation, without 
partitioning the respective diffusion times to allow part of the diffusion cycles 

20 to be used for annealling RIE- and LOCOS-induced surface stress and 
defects. Also in this approach, contacts are made on lighter doped N+ 
diffusions, increasing series resistance of the device. A tradeoff is required 
between pinched base resistance and source contact resistance. There is 
a lower limit to how small the lateral diffusions can be made and consistently 

25 opened up after the LOCOS gate polysilicon oxidation due to "birds beak" 
formation. A dimension anywhere between 50% and 80% of the polysilicon 
LOCOS oxide thickness may not be available for a source contact of highest 
doping. 
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Another approach is to form a second trench through the N-source 
layer down to the P-body to receive source metal. This trench can be 
patterned by a separate photomasking step (1) but this approach is subject 
to critical alignment and size conditions. A self-aligned approach (11) 

5 depends on the ability to control both formation of the LOCOS oxide layer 
used to self-align this trenching step and to control the etching process itself. 
As noted above, "birds beak" formation can seal off the area to be trenched. 

Once the basic recessed gate structure is formed, gate vias are opened 
to allow metal connections to the gate electrode in a self-aligned process. 

1 0 Frontside metal is deposited and patterned to delineate the gate and source 
(cathode) electrodes. Passivation deposition and pad patterning seal the 
device surface and open up the bonding pads. The backside of the silicon 
wafer is metallized to form the drain (anode) electrode. 

Ueda et ai have demonstrated that the lowest ON-resistance (Ron) is 

1 5 acheivabie in a device in which the gate is trenched all the way through the 
N-epitaxial layer to the substrate (2). Unfortunately this approach also 
demonstrates a monotonic decrease in breakdown voltage as trench depth 
is increased. This decrease is due to reduction of the epi-layer thickness 
below the trench and higher electric field at the corners of the trench (7). 

20 Another problem with the deep trench is that the gate oxide might rupture at 
the corner of the trench because of high field intensity (7). The breakdown 
voltage is generally divided between gate oxides and depleted silicon. As 
trench depth is increased, the thickness of silicon under the trench is 
reduced, shifting more of the gate-drain voltage to the gate oxide and 

25 increasing the likelihood that the oxide layer will rupture. Thickening the gate 
oxide will improve the gate rupture resistance of the oxide layer but also 
increases channel resistance. 

Accordingly, a need remains for a belter fabrication method and 
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structure for a vertical channel field effect MOS power device. 

SUMIVIARY OF INVENTION 
One object of the invention is to avoid the uncertainties and difficulties 
5 of photolithography and LOCOS layer formation in forming the functional 
areas of recessed gate field effect power MOS device. 

Another object is to facilitate P-body and N-source shorting without 
having to trade off series source resistance against vertical channel 
resistance in a recessed gate field effect power MOS device. 
10 A further object of the invention is to avoid LOCOS induced stress in 

silicon to icrease the yield of functional recessed gate field effect power MOS 
devices. 

The invention is a recessed gate field effect power MOS device 
structure and fabrication process which are Improved in several aspects. 

1 5 One aspect is the use of a sidewall spacer on the trenching protective 

layer in a self-aligned process to control lateral extent of the pinched P-base 
width. Improved ruggedness of the device and an effective doubling of 
channel width over prior art are achieved. The sidewall spacer is formed by 
deposition and etching to define the spacer width, thus avoiding the 

20 uncertainties and difficulties of photolithography and LOCOS layer formation 
in defining the N+ source region. 

Another aspect of the invention is that the trenching protective layer is 
formed by using an oxide (or oxynitride) layer on a polysilicon layer on thin 
thermal oxide, instead of SiNi on oxide. No LOCOS step is needed in this 

25 method. The top oxide layer provides selective protection against silicon 
trench etching and polysilicon gate etching, preferably by SFg-Oz plasma 
etching. In one embodiment, the oxide layer is preferably -5000 A thick but 
can be 2000-8OOOA thick depending on trench depth, gate polysilicon 
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thickness and the etch rate selectivity between silicon and oxide. The 5000A 
oxide film is sufficient to block 2-5 urn of silicon trenching plus additional 
margin for gate polysilicon etching. The polysilicon layer in this embodiment 
is preferably 1000-3000A thick and is used to protect the future source 

5 region, to support the sidewall spacers, and to enable the deposition and 
complete isolation of gate polysilicon. The lower oxide layer is preferably 
~500A thick (range of 500 to IOOOA thick) and serves as an etch stop under 
the polysilicon layer. A second embodiment uses a polysilicon layer 
preferably formed in a double layer with an intermediate etch-stop oxide 

10 layer below a sacrificial top polysilicon layer. In this embodiment, the lower 
polysilicon layer is thicker (e.g., 1 5000-1 6OOOA), the intermediate etch-stop 
oxide layer is thinner (e.g., 1 0OO-2OO0A) and is covered by a polysilicon layer 
of about 5000A. 

A further aspect of the invention is the introduction of a second trench 
15 in the body region to create source contacts on the trench sidewalls and body 
contacts on the trench sidewalls and bottom wall. Doing this with sidewail 
spacers provides self-alignment without the drawbacks of LOCOS formation. 
This approach thus produces a field effect power MOS device with a 
recessed source as well as a recessed gate. This structure is highly 
20 advantageous in switching inductive loads as it will shunt substantial reverse 
currents directly to the source contacts, which are preferably metal 
conductors. This structure also provide a very low resistance short between 
the body and source (base and emitter) to prevent reverse biasing of the 
body/source junction and minimize potential for latching of the parasitic NPN 
25 bipolar transistor formed by the source, body and drain regions. This is 
particularly advantageous if the device is fabricated on a P-type substrate to 
make an IGBT or other MOS gate-controlled four-layer device. 

The foregoing and other objects, features and advantages of the 
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invention will become more readily apparent from the following detailed 
description of a preferred embodiment whicfi proceeds with reference to the 
accompanying drawings. 

5 BRIEF DESCRIPTION OF DRAWINGS 

FIGS. 1 -1 2 are cross-sectional views of a portion of a silicon substrate 

showing fabrication of a recessed gate field effect power MOS device in 

accordance with a first embodiment of the invention. 

FIG. 1 3 is a perspective view of a device made by the process of FIGS. 

10 1 -12. 

FIGS. 1 4 - 20 are cross-sectional views corresponding roughly to FIGS. 
5-12 showing fabrication of a recessed gale field effect power MOS device 
in accordance with a second embodiment of the invention with a double 
polysilicon gate structure which terminates depthwise within the N+ substrate. 

15 FIG. 21 is a cross-sectional view corresponding to FIGS. 12 and 20 

showing fabrication of a device in accordance with a third embodiment of the 
invention with a double polysilicon gate structure which terminates depthwise 
within the N-type epitaxial layer above an N-f buffer layer formed on a P+ 
substrate to operate as an IGBT. 

20 FIGS. 22 and 23 are cross-sectional views corresponding roughly to 

FIGS. 16 and 17 showing fabrication of a recessed gate fieid effect power 
MOS device in accordance with a fourth embodiment of the invention. 

FIG. 24 is a cross-sectional view corresponding to FIG. 3 showing an 
alternative form of the mask surrogate pattern definition layer. 

25 

DETAILED DESCRIPTION 
FIG. 1 is a cross-sectlonal view of a portion of a silicon substrate 20 on 
which beginning doped layers including body and drain regions have been 
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formed to begin fabrication of a recessed gate field effect power MOS device 
in accordance with a first embodiment of the invention. The process starts 
by forming a <100> oriented N-type epitaxial layer 24 on a P+ wafer 22. 
This substrate will be used to make an IGBT-type four-layer device. An N-f 

5 wafer can be substituted to make a three-layer power MOSFET. Then, a P- 
type body layer 26 is formed either by implantation (e.g., boron) and diffusion 
to a 2 - 3 fjm depth into the N-epilaxlal layer or by deposition of a 2 -3 jum 
P-epitaxial layer atop the N-epitaxial layer. The N-type epitaxial layer is 
doped to a concentration of about 10'^ cm-^ (resistivity in the range of 0.1 to 

10 1.0 n-cm) and has a thickness of 2 to 3 /xm and the P-epitaxial layer is 
doped to a concentration of about lO'^cm-^ and has a thickness of 2 to 3 
jum for low voltage (e.g., 60V) MOSFETs. The N-lype epitaxial layer 24 
includes an N+ buffer layer at the interface with the P-type substrate, as is 
known. For higher voltage devices, layers 24, 26 are generally more lightly 

15 doped and thicker, as described in commonly-assigned U.S. Ser. No. 

07/852,932 . filed March 13, 1992, now U.S. Pat. No. , incorporated 

herein by this reference. For example, N-type layer 24 has a doping 
concentration of about lO'-'cm-^ and a thickness of 85 //m and P-type layer 
26 has a doping concentration of about SxlO'^cm-^ for 1000V devices). 

20 Voltages can also be adjusted by varying the untrenched P-base width, 
trench depth and width, and epitaxial doping concentration. 

FIG. 2 shows the further steps of forming a trenching protective or 
mask surrogate pattern definition layer 30 on the upper surface 28 of 
substrate 20. As shown in FIG. 2, layer 30 is a thin oxide/PolySi/thick oxide 

25 tri-layer structure. FIG. 24 shows an alternative four-layer structure further 
described below. Layer 30 is formed by a thin thermal oxide layer 32 on 
surface 28, a PECVD polysilicon layer 34, and a LPGVD thick oxide layer 36. 
The top oxide layer 36 provides selective protection against silicon trench 
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etching and polysilicon gate etching, preferably by SFs-Oz plasma etching. In 
one embodiment, oxide layer 36 is preferably -5000 A thick but can be 1 000- 
8OOOA thick depending on trench depth, gate polysilicon thickness and the 
etch rate selectivity between silicon and oxide. The 5000A oxide film is 

5 sufficient to block 2-5 /um of silicon trenching plus additional margin for gate 
polysilicon etching. The polysilicon layer 34 in this embodiment Is preferably 
IOOO-30OOA thick and is used to protect the future source region, to support 
the sidewall spacers, and to enable the deposition and complete isolation of 
gate polysilicon. The lower oxide layer 32 is preferably ~100oA thick (range 

10 of 5OO-2OOOA thick) and serves as an etch stop under the polysilicon layer. 

FIG. 3 shows the steps of masking and patterning the trenching 
protective layer. A photoresist layer 38 is applied over layer 30 and is 
patterned to define protected regions 40 and etched away regions 42 in layer 
30 in successive etching steps of layers 36 and 34. Regions 42 and 40 can 

15 be stripes, a rectangular or hexagonal matrix, or other geometries of design. 
In a cellular design, regions 40 are discrete blocks or islands separated by 
interconnecting regions 42. 

FIG. 4 shows the removal of photoresist layer 38 and formation of 
sidewall spacers 44 along opposite vertical sides of the pattern-defining tri- 

20 layer regions 40. The sidewall spacers 44 are formed using known 
procedures by a conformal LPCVD oxide layer, preferably of 0.5-1 /^m 
thickness, which is reactive ion etched anisotropically. The spacer etch is 
controlled to end when substrate silicon is exposed in areas 46 of silicon 
substrate exposed between the sidewall spacers 44 within regions 42 so that 

25 the top oxide layer 36 is only slightly eroded. The spacers have a laterally 
exposed or outer face 47 and an inner face 48 contacting the sides of the 
pattern-defining regions 40 at this stage in the process. 

FIG. 5 shows forming a trench 50 in the silicon substrate in each of the 



10 



Patent Application 
Attorney Do. No. 1 138-27 

exposed areas 46. This first anisotropic etching step Is accomplished by 
reactive-ion etching, preferably by SF9-O2 plasma etching as described in 
commonly-assigned U.S. Pat. No. 4,895,810 (see FIG. 13E), controlled to 
form a series of spaced trenches 50 in the substrate 20 with minimal damage 

5 to the silicon surface and straight vertical sides aligned with the outer faces 
47 of the sidewall spacers. The spacing between the outer faces 47 of 
spacers 44 determines the width 54 of the trench 50 as a function of lateral 
thickness 52 of the spacers. Thickness 52 also partially determines the 
eventual lateral thickness of the source regions as formed in FIG. 11. In this 

10 embodiment, the depth 56 of the trench is sufficient (e.g., 2 /^m) to penetrate 
through the P-type layer 26 just into an upper portion of the N-type layer 24. 
This step laterally isolates regions 26' of the P-type layer covered by the 
pattern-defining tri-layer regions 40. Regions 64 can be stripes in an 
interdigitated design or connecting network in a cellular design. 

1 5 Following trenching, a thermal gate oxide layer 60 is grown, as shown 

in FIG. 6, on the trench side and bottom walls below the sidewall spacers. 
The gate oxide layer has a thickness 66 that is selected as needed to 
provide a punchthrough resistant gate dielectric, e.g., ~500A. Then, the 
trench is refilled with LPCVD polysilicon gate material 62, extending into the 

20 trenches 50 and over trenching protective structures 40. The polysilicon 
gate material 62 is doped to about 2QQ/U. 

Referring to FIG. 7, a second anisotropic etch is next used to etch the 
polysilicon material 62 back to about the level of the original substrate 
surface, again exposing the the trenching protective structures. This step 

25 leaves vertical trenches 70 between the sidewall spacers 44 like trenches 50 
but ending at the upper surface 64 of the remaining polysilicon material 62. 
A silicide can be formed in the remaining polysilicon material at this step to 
further reduce gate resistance, for example, by refractory metal deposition 
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and sillcide formation. Then, a CVD oxide (or oxynitride) isolation layer 68 is 
deposited into the trenches 50 over the remaining polysliicon material 64 and 
over the trenching protective structures 40. 

FIG. 8 shows the device after anisotropicaily etching off the upper 

5 portion of the isolation oxide 68 and the upper thick oxide layer 36 of the 
trenching protective layer 30. The etch stops when the top surface 70 of the 
original poiysillcon layer is exposed, leaving oxide plugs 68 atop the surface 
64 of polysilicon material 62 between shortened sidewall spacers 44'. At this 
stage, the top surface of the intermediate device appears in plan view as a 

10 series of alternating oxide and polysilicon stripes 68, 70, or as an 
interconnected region 68 with isolated regions 70 as shown in FIG, 13. 

FIG. 9 shows the further steps of etching away the original polysilicon 
layer 34 followed by etching away the thin lower oxide layer 32 of the 
trenching protective layer 30 to expose the original substrate surface 28, 

15 which now appears as stripes 28' or isolated zones, exposed between the 
sidewall spacers 44' which now appear on opposite sides of oxide plugs 68. 

FIG. 10 shows diffusing N+ source regions 72 into an upper layer of 
exposed stripes of the substrate just beneath the original substrate surface 
28'. This is preferably done by shallowly implanting a dose of about 5 x1 0'^ 

20 cm-2 of arsenic or phosphorus atoms, and heat treating to activate the 
implant. The resulting source region 72 should be diffused to a depth 74 of 
about 1 /zm or slightly less. This step could be performed alternatively by 
gaseous diffusion. It couid also be performed earlier in the process, e.g., 
after forming the P-type body layer in FIG. 1 . The above-discribed sequence 

25 and method are preferred, however, as giving more control over MOSFET 
channel length as further described below. 

Next, referring to FIG. 1 1 , a second anisotropic etch of the substrate 
silicon is performed to form a second trench 80 in the substrate material 
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between the sidewalls 44' and gate isolation oxide plugs 68 enclosing tlie 
gate polysilicon materia! 62 and gate oxide layers 60. The etching technique 
used is preferably by SFg-Oa plasma etching, as noted above, to form the 
trenches with straight vertical sides aligned with the now exposed inner faces 

5 48 of the sidewall spacers. The trench depth 82 is at least 1 fim so as to 
penetrate at least through the N+ diffusion and a portion of the P layer 26 but 
less than original thickness of layer 26 so that a P+ layer with thickness 84 
of about 1 fxm remains at the base of trench 80. As a result of this step, the 
N+ region is reduced to vertically oriented N+ source layers 86 having a 

1 0 lateral thickness 88 that is approximately equal to the difference between the 
thickness 52 of the sidewall spacers (see FIG. 5) and about half of the 
thickness 66 of the gate oxide layer (see FIG. 6). For a sidewall spacer 
thickness 52 of about 1 ^m and a gate oxide thickness of -500 A, the N+ 
layer has a lateral thickness of <1 fum, e.g. ~9750A. For a sidewall spacer 

1 5 thickness 52 of about 0.5 /^m and a gale oxide thickness of -500 A, the N+ 
layer has a lateral thickness of < 0.5 fj.m, e.g. ~4750A. 

The N+ source layers 86 each sit atop a thin vertically-oriented layer 90 
of P substrate material, which provides the active body region in which a 
vertical channel of the MOSFET device is formed when the gate is suitably 

20 biased. This channel exists on all sides of the gate structure. The depth 74 
of the N+ implant (FIG. 1 0) and the depth of the P diffusion 26 determine the 
ultimate vertical MOSFET channel length of the device. A typical channel 
length of about 1 -2 fim is produced using the dimension disclosed herein, 
but can readily be altered as needed to define the MOSFET device switching 

25 characteristics. The overall vertical height 83 of the P layer must be 
sufficient to avoid punchthrough, suitably 1-2 ;um at the P doping 
concentrations provided herein. The lateral thickness of the P layer 90 
provides a very short lateral pinched P-base controlled by sidewall spacer 
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thickness. If the sidewalls of the trench are strictly vertical, the active body 
region 90 has a similar lateral thickness to that of the N+ layer, -5000 A. In 
practice, the body region 90 lateral thickness can vary slightly from than that 
of the N+ layer. The key point is that lateral thickness of both layers 86, 90 

5 can be controlled by controlling the lateral thickness of either the gate oxide 
layer 60 or the sidewall spacers 44, or both. Another key point is, that by 
using this method the pinched base can be made much narrower than in 
conventional lateral channel VDMOS devices, which typically have a pinched 
base width of 3-4 ^m. 

10 Optionally albeit preferably, a second, shallow P-type implant and 

anneal can be performed at this stage to provide an enhanced P+ conduction 
region 93 (see FIG. 1 3) in the remaining P-type layer 26" at the base of the 
trench 80, as described in commonly-assigned U.S. Pat. No. 4,895,810 (see 
FIGS. 13D and 14), incorporated herein by this reference. This can further 

15 improve source metal contact to the P-body and reduce pinched-base 
resistance in a totally self-aligned manner without materially affecting 
threshhold doping of the active channel region that remains in layer 90 after 
forming the gate oxide layer 60. 

The remainder of the process generally follows prior art methods and 

20 so is only generally descibed. FIG. 12 is a cross-sectional view showing 
frontside and backside metallization 94, 98. The frontslde metal 94 extends 
downward into the trenches 80 to form conductive source contacts or fingers 
96 which vertically short the source and body layers 86, 90 together as well 
as contact the top surface of the remaining P-type layer 26" at the bottom of 

25 the trench. The backside metal 98 forms the drain contact or cathode. The 
completion steps also include opening gate contact vias at discrete locations, 
which can be done in this process without critical alignment, and passivating 
the surface. 
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The foregoing method has several advantages over prior art methods. 
The N and P-type contact areas are created without a mask. The channel 
area is increased The pinched P-body width lateral width is reduced. The 
overall device has a higher packing density from savings of surface area due 
5 to formation of the source contacts on the trench sidewalls. The device has 
lower resistance due to higher surface mobility resulting from the low stress 
process. 

FIG, 13 is a perspective and partially-sectioned view of a device 100 
made by the process of FIGS. 1 -12 but using an N+ wafer 22' to make a 

1 0 three-layer power MOSFET rather than a four-layer device. Having already 
described the method af fabrication in detail, the resulting device is only 
described generally, using the same reference numerals wherever applicable. 
In this perspective view, the isolated source and P-body structures are 
confined within discrete islands separated by an interconnecting criss-cross 

15 pattern or matrix gate structure. Other array arrangements, such as 
arranging the source blocks in a hexagonal geometry, can be done as well. 
A cellular design with isolated source islands surrounded by a gate mesh in 
a trench can significantly reduce gate resistance, an important factor in very 
large area devices. The result is a castellated structure of rectangular device 

20 cells 102, each receiving a downward protruding finger 96 of source metal, 
and separated from one another by a contiguous matrix of recessed gate 
structure 60, 62, 68 as shown in FIG. 13. 

The device 100 has a silicon substrate 20 including a silicon wafer 22 
(P+ as in FIGS. 1-12) or 22' (N+ in FIG. 13) with, successively, an N-type 

25 epitaxial layer 24 forming a drain or drift region and a P-type layer 26" 
forming a body or base region. The P-type region includes castellated 
vertical P-type layers 90 in which the active channels are formed. Atop the 
vertical P-type layers 90 are vertically aligned vertical N-type layers 86 which 
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form the source regions of the MOSFET device. Atop the vertical N-type 
layers 86 are vertically aligned spacers 44' which serve together with oxide 
plugs 68 in the final device to isolate the source metal 94 from the gate 
polysilicon 62. The gate poiysilicon material 62 is isolated vertically from 

5 upper surface of substrate layer 24 by a horizontal portion 60A of gate oxide 
layer 60 extending beneath the gate polysilicon and laterally from the 
vertically aligned vertical N-type and P-type layers 86, 90 by a vertical 
portion 60B of gate oxide layer 60. 

FIGS. 14-20 show a second embodiment of the invention in which a 

10 recessed gate field effect power MOSFET device is fabricated with a gate 
structure, formed by a double polysilicon structure separated by oxide, which 
terminates depthwise in substrate 120 within an N+ wafer layer 122. The 
purpose of this medication is to achieve the lowest possible on-resistance in 
a power MOSFET without losing voltage blocking capacity. This modification 

15 to the process uses the same steps as shown in FIGS. 1-4 with an N+ 
substrate 122 and the same features are identified with the same reference 
numerals. Except as stated below, the process details are like those 
described above in the first embodiment. 

FIG. 14 is a cross-sectional view corresponding to FIG. 5 except that 

20 the sidewall spacers 1 44 have a greater thickness 1 52, e.g., 0.8 to 1 .0 ^!m vs. 
< 0.5 fzm for the first embodiment, or are made of oxynitride or other silicon- 
etch resistant material to tolerate longer etching, and the trenches 150A 
between the sidewall spacers are anisotropically etched to a depth 156A 
(e.g., 5-6 jum for a 60V device) through the epitaxial layer 24 to the N+ silicon 

25 wafer layer 122. 

FIG. 1 5 corresponds to FIG. 6 and shows the formation of a thick oxide 
layer 160A on the deep trench surfaces and a deep LPCVD polysilicon filler 
162A into the trenches 150A and over the trenching protective structures 30. 
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The oxide layer 160A in this example has a thickness 166A of 2000 to 
3000A. This first gate poiysilicon layer 162A can but need not be doped. 

FIG. 16 shows the further steps of etching the poiysilicon layer 162A 
and thicl< oxide layer 1 60A downward to a level slightly below the P-body 

5 region 26, as indicated by arrow 156B, What remains is a shallower trench 
150B with a depth 156B comparable to depth 56 of trench 50 in FIG. 5. The 
poiysilicon layer 1 62A is anisotropically etched to a level slightly below the 
final P-body junction depth, giving a trench 150B of depth 156B above the 
first poiysilicon approximately equal to the poiysilicon thicl<ness in the tri- 

1 0 layer film 30 and the P-body thickness. The thick oxide is then etched off the 
sidewalls of the trench 150B wherever It is not protected by the remaining 
poiysilicon 162A. 

Next, as shown in FIG. 17, a thin gate oxide layer 160B is thermally 
regrown on the reduced depth trench sidewalls and the upper surface of the 

15 deep poiysilicon filler to a thickness 66 as in the first embodiment. Then, 
doped gate poiysilicon 162B is deposited into the trenches 150B atop oxide 
layer 160B and over trenching protective structures 30. 

FIG. 18 is a cross-sectional view corresponding to FIG. 7 showing the 
further steps of etching the poiysilicon to a level about the level of the the 

20 original substrate surface and depositing isolation oxide 68 into the trenches 
1 SOB and over the trenching protective structures. These steps are followed 
by steps like those shown in FIGS. 8-10 above. 

FIGS. 19 and 20 are cross-sectional views corresponding to FIGS. 1 1 
and 12 showing the further steps of forming the second trench and 

25 metallization in a device with the double poiysilicon gate structure developed 
in FIGS. 14-18. Trenches 180 are formed in the N+ source regions between 
the sidewalls 144' and gate isolation oxide plugs 168 enclosing the gate 
poiysilicon material 162B and gate oxide layers 160B. The N+ region is 
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reduced to vertically oriented N+ source layers 86 having a lateral thickness 
88 atop vertical P-type layers 90 as described above at FIG. 1 1 . 

The prior art problem of losing breakdown voltage range when the 
trench depth reaches the substrate is eliminated by the presence of the 

5 thicker first gate oxide 160A. The thicker gate oxide layer shifts the gate- 
drain voltage drop from siicon to oxide. At the same time, the second thinner 
gate oxide preserves the enhancement mode MOSFET channel 
conductance. Conductance exceeding the first embodiment and prior art 
designs can be acheived with minimal additional processing steps. 

10 FIG. 21 is a cross-sectional view corresponding to FIGS. 12 and 20 

showing a third embodiment of the method of fabrication of a device with a 
double polysiiicon gate structure to provide protection against gate oxide 
rupture for high voltage devices while thin sidewall oxide preserves channel 
conductivity. In this example, the double polysiiicon gate structure has a 

15 first thick oxide layer 260A and polysiiicon layer 262A formed in a trench 
having a depth 256 (e.g., 3 lum) greater than depth 56 of trench 50 but 
shallower than the depth 156 of trench 150. The trench in this case 
terminates depthwise in substrate 20 within the N-type epitaxial layer 24 
above an N+ buffer formed on a P+ wafer layer 22 to operate as an IGBT or 

20 other gate controlled four-layer device. In this embodiment as well as the first 
embodiment, the narrowest lateral dimension of region 40 (F1G,3) that 
photolithography can control is used to minimize trench corner field and 
optimize breakdown voltage. 

FIGS. 22 and 23 are cross-sectional views corresponding roughly to 

25 FIGS. 16 and 17 showing fabrication of a recessed gate field effect power 
MOS device in accordance with a fourth embodiment of the invention. In this 
embodiment, as in the second and third, an initial thick (~2500A) layer 1 60A 
of thermal oxide is formed on the sidewails and bottom wall of trench 150. 



18 



Patent Application 
Attorney Do. No. 1138-27 

Then, rather than using filled and etched-back poiysilicon, photoresist13a is 
pooled in the bollom of the trench 150 and, when hardened, is used to 
protect the initial thick oxide layer in the lower portion of the trench while the 
sidewall portions of layer 1 60A are etched away. Next, after using known 

5 solvents to strip the photoresist 138, gate oxide 160B is regrown on the 
trench sidewalls above oxide 160A to a suitable thickness (-500-1 OOOA) as 
previously described at FIG. 17. Then, doped poiysilicon gate material 62 is 
deposited as described above at FIG. 6, and the remainder of the device is 
completed by the steps shown in FIGS. 18-21. The approach shown in 

10 FIGS. 22 and 23 is simpler than the double poiysilicon structure of FIGS. 
14-17, and accomplishes essentially the same result. 

FIG. 24 is a cross-sectional view corresponding to FIG. 3 showing an 
alternative form of the mask surrogate pattern definition layer 330. The 
protective layer 330 has, atop initial oxide layer 32, a poiysilicon multi-layer 

1 5 structure preferably including two poiysilicon layers with an intermediate etch- 
stop oxide layer. In this embodiment, the lower poiysilicon layer 334 is 
thicker (e.g., 1 5000-1 6OOOA) than layer 34, the intermediate etch-stop oxide 
layer 336 is thinner (e.g., 1000-2000A) than layer 36 and is covered by a 
poiysilicon layer 338 of about SOOOA. The top poiysilicon layer 338 is a 

20 sacrificial layer to be removed when trench 50 is formed, using oxide layer 
336 as an etch stop. The top surface of lower poiysilicon layer 334 indicates 
an endpoint for the etching the isolation oxide layer (FIGS. 7 and 8) to 
produce plugs 68. The thickness of poiysilicon layer 334 determines the 
height down to which plug 68 is etched. Layer 334 is removed using oxide 

25 layer 32 for etching end point detection, and then layer 32 is removed prior 
to N+ implantation and the second trenching step. 

Having described and illustrated the principles of the invention in a 
preferred embodiment thereof, it should be apparent that the invention can 
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be modified In arrangement and detail without departing from such principles. 
For example, it is not necessary to form the second trench and vertical 
channel structures throughout the device. A portion of the device upper 
surface could be masked off at appropriate steps (e.g., at FIG. 1 and after 

5 FIG. 4) and this portion can be used in the manner described In the 
commonly-assigned patents to form a double-diffused lateral MOS device 
on part of the same die as the above-described recessed gate vertical 
channel device. This variation would be useful in making MOS controlled 
thyristors (MCT). We claim ail modifications and variations coming within 

10 the spirit and scope of the following claims. 
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CLAIMS 

1. A method of making a recessed gate field effect power MOS device, 
5 tfie method comprising: 

forming a substrate (20) including first and second doped layers (24, 
26) of first and second opposite dopant polarities to define a body region 
adjoining an upper surface of the substrate and an underlying drain region; 
forming a trenching protective layer (30) on the upper surface (28) of 
10 the substrate; 

masking and patterning the trenching protective layer to define an 
exposed first area (46) and a protected second area of the upper surface of 
the substrate demarcated by opposite sidewalls of the trenching protective 
layer; 

15 forming sidewail spacers (44) having inner surfaces (48) contacting 

opposite sidewalls of the trenching protective layer (30) and outer surfaces 
(47) spaced a predetermined spacing (54) from the sidewalls of the trenching 
protective layer; 

forming in the first area (46) of the substrate, between the outer 
20 surfaces (47) of the sidewail spacers (44) , a first trench (50) having 
sidewalls aligned relative to the outer surfaces (47) of the sidewail spacers 
and extending at least through the layer (26) defining the body region to a 
bottom wail at least a predetermined depth (56) from the upper surface of the 
substrate; 

25 forming a gate oxide layer (60) on the first trench sidewalls; 

filling the first trench with polysilicon (62) to a level (64) spaced 
between the upper surface of the substrate and a top surface of the trenching 
protective layer (30); 
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applying a protective layer (68) selectively over the polysilicon (62) filled 
into the first trench, between the sidewall spacers (44) and in contact with the 
outer surfaces (47) of the sidewall spacers; 

removing the trenching protective layer to expose the second area of 
the upper surface (28') of the substrate between the inner surfaces (48) of 
the sidewall spacers; 

doping the second area of the upper surface (28') of the substrate 
between the gate oxide layer (60) on the trench sidewalls with dopant of said 
second dopant polarity to form a source region (72) atop the body region 
(26'): 

forming, in the second area of the substrate (28') between the Inner 
surfaces (48) of the sidewall spacers (44), a second trench (80) having 
sidewalls aligned relative to the inner surfaces of the sidewall spacers and 
extending through the layer (72) defining the source region to a bottom wall 
in the body region (26") of the substrate; and 

depositing a source conductive layer (94) in the second trench in 
contact with the source region and the body region; 

the second trench (80) through the source region and body region 
defining vertically-oriented source and body layers (86, 90) stacked along the 
gate oxide layer (60) on opposite sidewalls of the second trench (80) and 
having a lateral thickness (88) established by the predetermined spacing of 
the inner and outer surfaces of the sidewall spacers. 

2. A method according to claim 1 in which the body layer (90) is sized to 
a lateral thickness (88) less than a vertical height (83) thereof. 

3. A method according to claim 1 in which the body layer (90) is sized to 
a lateral thickness (88) less than 1 fim. 
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4. A method according to claim 3 in \A/liich Vne vertically-oriented body 
layer (90) is doped to a first doping concentration and a laterally-extending 
portion of ttie body region (26") is doped to a second doping concentration 

5 greater ttian the first doping concentration. 

5. A method according to claim 1 including forming an insulative layer 
(68) between the sidewall spacers (44) over the source conductor (94) to 
electrically isolate the gate conductor (62) from the source conductor. 

10 

6. A method according to claim 1 in which the second trench is formed 
to a depth (82) such that the source conductive layer (94) extends vertically 
along both the source and body layers (86, 90) to form a short across a PN 
junction formed therebetween and contacts a laterally-extending upper 

15 surface of the body region (26) at a position spaced below the PN junction. 

7. A method according to claim 1 in which substrate (20) Includes a base 
layer (122) underlying the first doped layer (24) and doped with a dopant of 
said first polarity to a doping concentration greater than a doping 

20 concentration of the first doped layer (24) to form a three-layer power 
MOSFET. 

8. A method according to claim 7 In which the first trench is formed to a 
depth (156) extending into the base layer and the gate oxide layer is formed 

25 in a first portion (1 60A) having first thickness in a lower portion of the trench 
and a second portion (160B) having a second thickness in an upper portion 
of the trench, the first thickness being greater than the second thickness. 
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9. A method according to claim 1 in wliich substrate (20) includes a base 
layer (22) underlying the first doped layer (24) and doped with a dopant of 
said second polarity to define a four-layer PNPN device. 

5 1 0. A method according to claim 9 in which the first trench is formed to a 
depth (256) within the first layer spaced above the base layer and the gate 
oxide layer is formed in a first portion (260A) having a first thickness in a 
lower portion of the trench and a second portion (260B) having a second 
thickness in an upper portion of the trench, the first thickness being greater 

10 than the second thickness. 

11. A method according to claimi in which: 
the first trench is formed to a first depth; 

a first gate oxide layer (160A, 260A) is formed with a first thickness; 
15 a filler material is fiiled into the trench to a second depth less than the 

first depth; 

a portion of the first gate oxide layer is removed above the filler 
material; 

a second gate oxide layer (160B, 260B) is formed with a second 
20 thickness; and 

the trench is filled above said second depth with a conductive gate 
matenal. 

12. A method according to ciaim11 in which the filler materia! includes 
25 polysilicon and the second gate oxide layer (1 60B, 260B) Is formed over the 

poiysilicon. 

13. A method according to claimi 1 in which the filler material includes 
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photoresist and the photoresist is removetd before the second gate oxide 
layer is formed. 



14. A method according to claimi in which the trenching protective layer 
5 comprises a thin oxide layer (32) formed atop the upper substrate surface, 
a polysilicon layer deposited on the thin oxide layer, and a thick oxide layer 
(36) deposited on the polysilicon layer. 



15. A method according to claimi in which the trenching protective layer 
10 (330) comprises a first oxide layer (32) formed atop the upper substrate 
surface, a first polysilicon layer (34, 334) deposited on the first oxide layer, 
a second oxide layer (36, 336) formed on the first polysilicon layer; and a 
second polysilicon layer (338) deposited on the second oxide layer. 

15 16. A method according to claimi In which the first trench and the gate 
oxide layer and gate conductor within the first trench define a gate structure 
which is laterally patterned in two dimensions to define an interconnected 
matrix enclosing a plurality of islands, each island being formed with said 
second trench extending into a central portion thereof and containing a 

20 downward extending finger of source conductor surrounded by a portion of 
the source and body layers (86, 90) including a vertical channel having a 
width defined in each island by a perimeter of the island. 



17. A method according to claim 1 6 in which the body layer (90) is sized to 
25 a lateral thickness (88) proportionate to the predetermined spacing (52) 
between the inner surfaces (48) and outer surfaces (47) of the sidewail 
spacers (44). 
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18. A method according to claimi including forming at least two of said first 
trenches at a predetermined lateral spacing and forming said second trench 
between the first trenches at a spacing therefrom determined by said 
predetermined spacing (52) between the inner and outer surfaces of the 
5 sidewali spacers, the first trenches each containing the gate oxide layer and 
gate conductor, the source conductor extending into the second trench and 
contacting the vertically oriented source and body layers (86, 90) on opposite 
sides thereof. 

10 19. A method according to claim 1 8 in which the body layer (90) is sized to 
a lateral thickness (88) proportionate to the predetermined spacing (52) 
between the inner surfaces (48) and outer surfaces (47) of the sidewali 
spacers (44). 

20. A method according to claim 1 in which the body layer (90) is sized to 
15 a lateral thickness (88) proportionate to the predetermined spacing (52) 

between the inner surfaces (48) and outer surfaces (47) of the sidewali 
spacers (44). 

21. A recessed gate field effect power MOS device having a vertically 
20 oriented channel comprising: 

a semiconductor substrate (20) including first and second laterally- 
extending layers (24, 26) of first and second opposite polarity dopants 
defining a body layer (26) and an underiying drain layer (24); 

a first trench (50) having sidewalls extending depthwise from an upper 
25 surface (28) of the substrate at least through the body layer to a bottom wall 
at a predetermined depth from the upper surface of the substrate; 

a gate oxide layer (60) on the trench sidewalls and bottom wall; 

a first, gate conductor (62) filling the first trench depthwise to at least 
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an elevation of the upper surface of the substrate and contacting the gate 
oxide layer on the trench sidewails; 

a vertically oriented layer (86, 90) of senniconductor substrate extending 
upward along the gate oxide layer (60) on opposite sides of the first trench 
5 from the body layer to the upper surface of the substrate; and 

a vertically-extending source conductor (94) contacting the vertically 
oriented layer on a side opposite the gate oxide layer and gate conductor; 

the vertically oriented layer including a first vertical layer portion (90) 
contiguous with the body layer doped with said first polarity dopant to define 
1 0 an active body region including a vertical channel and a second vertical layer 
portion (86) atop the first vertical layer portion (90) and forming a PN junction 
therewith; 

the second vertical layer portion being doped with said second polarity 
dopant to form a source region contacting the active body region, and the 
15 source conductor electrically shorting the source region to the active body 
region across the PN junction. 

22. A recessed gate field effect power MOS device according to claim 21 
in which the first vertical layer portion has a lateral thickness (88) less than 

20 a vertical height (83) thereof. 

23. A recessed gate field effect power MOS device according to claim 21 
in which the first vertical layer portion has a lateral thickness (88) less than 
1 m- 

25 

24. A recessed gate field effect power MOS device according to claim 23 
in which the first vertical layer portion (90) is doped to a first doping 
concentration and the laterally-extending body layer (26) is doped to a 
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second doping concentration greater than the first doping concentration. 

25. A recessed gate field effect power MOS device according to claim 21 
including a verticaliy-oriented sidewall spacer (44) extending upward from the 

5 the upper surface of the substrate atop the vertically oriented layer . 

26. A recessed gate field effect power MOS device according to claim 25 
including one of said vertically oriented layers on each side of the trench , 
each having one of said vertically-oriented sidewall spacer thereon, and an 

10 insuiative layer (68) extending laterally between atop the sidewall spacers 
over the gate conductor . 

27. A recessed gate field effect power MOS device according to claim 21 
including means (44, 68, 60) defining an insuiative layer electrically isolating 

1 5 the gate conductor from the source conductor. 

28. A recessed gate field effect power MOS device according to claim 21 
in which vertically-extending source conductor (94) contacts the laterally- 
extending body layer at a position spaced below the PN junction. 

20 

29. A recessed gate field effect power MOS device according to claim 28 
in which the first vertical layer portion is doped to a first doping concentration 
defining a threshhold voltage of the channel and the laterally-extending body 
layer is doped to a second doping concentration greater than the first doping 

25 concentration. 



30. A recessed gate field effect power MOS device according to claim 21 
in which the first trench and the gate oxide layer and gate conductor within 
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the trench form a gate structure which is laterally patterned in two dimensions 
to define an interconnected matrix enclosing a plurality of islands each 
containing a downward extending finger of source conductor surrounded by 
a portion of the active body region including said vertical channel, the channel 
5 having a width defined in each island by a perimetral length of the island. 

31 . A recessed gate field effect power MOS device according to claim 21 
including at least two of said first trenches spaced laterally apart with two of 
said vertically oriented layers of semiconductor substrate defining a second 

1 0 trench between the first trenches, the first trenches containing the gate oxide 
layer and gate conductor, said source conductor extending into the second 
trench and contacting the vertically oriented layer on opposite sides thereof. 

32. A recessed gate field effect power MOS device according to claim 21 
1 5 in which the substrate includes a base layer of said first polarity dopant such 

that the device defines an alternating PNPN four-layer structure wherein the 
body layer defines a base of an upper bipolar transistor and a collector of a 
lower bipolar transistor. 

20 33. A recessed gate field effect power MOS device according to claim 21 
in which the first trench has a predetermined depth (156, 256) within the first 
layer and the gate oxide layer includes a first portion (1 60A, 260A) having a 
first thickness in a lower portion of the trench and a second portion {160B, 
260B) having a second thickness in an upper portion of the trench, the first 

25 thickness being greater than the second thickness. 
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HIGH DENSITY POWER DEVICE 
FAPRICATION PROCESS AND STRUCTURE 
Abstract of the Disclosure 

5 

A recessed gate power MOSFET is formed on a substrate (20) 
including a P-body layer (26), N-drain layer (24) and optional P+ layer (22) 
for IGBT. A trenching protective layer (30) fornned on the substrate upper 
surface (28) is patterned to define exposed areas (46) as stripes or a 

10 matrix, and protected areas. Sidewall spacers (44) of predetermined 
thickness (52) with inner surfaces (48) contact the protective layer 
sidewalls. A first trench (50) is formed in substrate areas (46) with 
sidewalls aligned to the sidewall spacer outer surfaces (47) and extending 
depthwise through the P-body layer (26) to at least a predetermined depth 

15 (56). Gate oxide (60) is formed on the trench walls and gate polysilicon 
(62) refills the trench to a level (64) near substrate upper surface (28). 
Oxide (68) between sidewall spacers (44) covers polysilicon (62). 
Removing the protective layer exposes upper substrate surface (28") 
between spacer inner surfaces (48). This area is doped to form a source 

20 layer (72) atop the body layer (26') and then trenched to form a second 
trench (80) having sidewalls aligned to the spacer inner surfaces. Second 
trench (80) defines vertically-oriented source and body layers (86, 90) 
stacked along gate oxide layer (60) to form vertical channels on opposite 
sides of second trench (80). Layers (86, 90) have a lateral thickness (88) 

25 established by the predetermined spacing of the inner and outer surfaces 
of the sidewall spacers. Source conductor (94) in the second trench 
contacts the N-source and P-body layers, and an enhanced P+ region at 
the base of the second trench. 
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Attorneys Do. No. 1138-27 
DECLARA.TION FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below- 
next to my name. 

I believe I am the original, first and sole inventor (if only one name is 
listed below) or an original, first and joint inventor (if plural names are Ksted 
below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled LOW VOLTAGE POWER MOSFET 
FABRICATION PROCESS, the specification of which: 

[ ] is attached hereto. 

§t] was filed on August 1 , 1992 as 

Application Serial No. 07/977^1 f^g 

[ ] and was amended on 

(if applicable) 

[ ] with amendments through 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the 
above-identified specification, including the claims, as amended by any 
amendment referred to above. 

I acknowledge the duty to disclose information which is material to the 
examination of this application in accordance with Title 37, Code of Federal 
Regulations, Sec. 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States 
Code, Sec. 119 of any foreign application(s) for patent or inventor's certificate 
listed below and have also identified below any foreign application for patent 
or inventor's certificate having a filing date before that of the application on 
which priority is claimed: None 

Prior Foreign Application(s) Priority Claimed 

[] [] 

(Number) (Country) (Day/Month/Year Filed) Yes No 



1 



I hereby claim the benefit under Title 35, United States Code, Sec. 120 
of any United States application(s) listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the prior 
United States application in the manner provided by the first paragraph of 
Title 35, United States Code, Sec. 112, 1 acknowledge the duty to disclose 
material information as defined in Title 37, Code of Federal Regulations, Sec. 
1.56(a) which occurred between the filing date of the prior application and 
the national or PCT international filing date of this application: 



07/852,932 
07/751,441 
07/737,560 
07/467,636 
07/194,874 



Mar. 13, 1992 
Aug. 28, 1991 
July 26, 1991 
Jan. 19, 1990 
May 17, 1988 



Pending 

Abandoned 

Pending 

Abandoned 

Issued 



(App. Serial No.) (Filing Date) (Status -patented, pending, 

etc.) 

I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed 
to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Full name of first co-inventor: DAH WEN TSANG 



Inventor's signatiue:. 




(Date) 



Residence: Bend, Oregon 

Citizenship: Republic of China 

Post Office address: 60309 Tall Pine 

Bend, Oregon 97702 
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Full name of second co-inventor: JOHN W. HOSIER, II 

Inventor's simature: <::::^^!rg^^ //J. '/t^ f^-ZO-'^-^ 

(Date) 

Residence: Bend, Oregon 

Citizenship: United States of America 

Post Office address: 504 NW Congress 

Bend, Oregon 97701 



Full name of third co-inventor: DOUGLAS A. PIKE, JR. 



Inventor's signature:. 




(Date) 



Residence: Bend, Oregon 

Citizenship: United States of America 

Post OfTice address: ' 60666 Newcastle Drive 
Bend, Oregon 97702 



Full name of fourth co-inventor: THEODORE 0. MEYER 



Inventor's signature:- --::;^^^,^^^^ (J,/^/^^-^ ^-l^-'Jl^ 

^ (Date) 

Residence: Bend, Oregon 

Citizenship: United States of America 

Post Office address: 60534 Tall Pine 

Bend, Oregon 97702 
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P "ENT APPLICATION 
Attoxxieys Do. No. 1138-27 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 



Dah Wen Tsang 



John W. Hosier, II 
Douglas A. Pike, Jr. 
Theodore O. Meyer 



Serial No. 



07/927,169 



Filed: 



August 1, 1992 



For: 



LOW VOLTAGE POWER MOSFET FABRICATION 
PROCESS 



Commissioner of Patents 

and Trademarks 
Washington, D.C. 20231 

POWER OF ATTORNEY BY ASSIGNEE OF ENTIRE INTEREST 

As assignee of record of the entire interest of the above-identified application, 
the following attomey(s) and/or agent(s) are hereby appointed to prosecute this 
application, to file a corresponding international application, to prosecute and 
transact all business in the Patent and Trademark Office connected therewith: 

Jerome S. Marger, Registration No. 26,480 
Alexander C. Johnson, Jr., Registration No. 29,396 
Micah D. Stoiowitz, Registration No. 32,758 
AlanT. McCoUom, Registration No. 28,881 
Peter J. Meza, Registration No. 32,920 
Glenn C, Brown, Registration No. 34,555 
Stephen S. Ford, Registration No. 35,139 

Direct all telephone calls to Alexander C. Johnson, Jr. at (503) 222-3613 and 
send all correspondence: 



Marger, Johnson, McCoUom & Stoiowitz, p.c. 
650 American Bank Building 
621 S.W. Morrison Street 
Portland, Oregon 97205 
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DVANCED POWER TECHNOLC T, INC., 
a Delaware corporation 




Vice President 

Dated: 8^1 h^<^ 

Advanced Power Technology, Inc. 
405 S.W. Columbia Street 
Bend, Oregon 97702 



